Neck pain is one of the largest health problems in the military sector. OBJECTIVE: To assess differences in the strength and endurance of the cervical muscles between military personnel with chronic nonspecific neck pain (CNSNP) with higher level of kinesiophobia (CNSNP-K) and individuals with lower levels of kinesiophobia (CNSNP-NK).
Introduction
Back pain significantly affects quality of life, and it is associated with low levels of labor productivity and sick leave [1] . Despite the increase in medical expenses for studies of neck pain, proportional savings have not accrued in clinical outcomes [2, 3] . Neck pain is one of the largest health problems in the military sector because of its prevalence [4, 5] , and it can interfere with security/compliance of military work [6] [7] [8] . Even though neck pain etiology is unknown in the military population, there are factors that may contribute to perpetuating this pain: prolonged forced neck postures, vibration from vehicles (airplanes, helicopters, etc.), and equipment carried on one's head [9, 10] . The majority of investigations in this area have studied neck pain in military personnel in the air force; this fact is possibly due to the stringent demands on neck muscles experienced during flight [11] [12] [13] . However, we suggest that studies of military personnel stationed on land are also necessary due to the paucity of such studies.
Research conducted on the military population suggests that functional limitations (muscle weakness, muscle fatigue, and/or decreased range of motion (ROM)) in the cervical region could execute a crucial role in the development/maintenance of neck pain [14] [15] [16] . There is evidence showing that military personnel with neck pain have increased muscle fatigue and a reduced ROM in the cervical region [14, [17] [18] [19] [20] . There are contradictory outcomes with respect to a decreased maximum voluntary contraction (MVC) of cervical muscles in military personnel with neck pain versus individuals without pain [14, 18, 19, 21, 22] . Studies in the literature postulate an equal force of the cervical muscles between symptomatic and asymptomatic military personnel [18, 19, 22] . The lack of evidence of differences can be explained by the fact that chronic neck pain is multifactorial [23] and includes psychological factors in addition to the largely physical and external factors evaluated in the aforementioned studies. These psychological factors include pain-related fear, which can be assessed as fear of movement due to pain (i.e., kinesiophobia) [24] . The term kinesiophobia was introduced by Miller et al. and makes reference to "an excessive, irrational, and debilitating fear of physical movement and activity resulting from a feeling of vulnerability to painful injury or reinjury" [25, 26] . According to a qualitative review [27] , pain-related fear is associated with decreased physical performance, greater pain expectations and a personal perception of higher disability. In light of this situation, we hypothesize that military personnel with chronic nonspecific neck pain with higher level of kinesiophobia (CNSNP-K) present greater functional limitations than individuals with lower levels of kinesiophobia (CNSNP-NK) or individuals who are asymptomatic.
The aim of this study was to assess differences in the strength and endurance of the cervical muscles between military personnel with CNSNP-K and military personnel with CNSNP-NK; we also investigated the differences in these variables between the two symptomatic groups with an asymptomatic group. In addition, our secondary aim was to determine differences between these same groups in terms of ROM, disability, pain intensity and psychological variables (pain catastrophizing, anxiety and depression). Catastrophizing is one cognitive factor that involves an exaggerated negative appraisal toward pain stimuli and pain experience [28] ; furthermore, this cognitive factor is affected by anxiety and negative affectivity [28, 29] .
Methods

Study design
We conducted an observational, cross-sectional, descriptive study. The study was developed in the flak barrack of Fuencarral "Capitán Guiloche" (Crta. de Fuencarral-Alcobendas, Madrid) during September and October 2015. In addition, the study was approved by the Ethics Committee of the Centro Superior de Estudios Universitarios La Salle and by the medical Center of the flak barrack of Fuencarral "Capitán Guiloche".
The research team was composed of two physiotherapists and one medical professional. The physician was responsible for assessing whether the participants satisfied the inclusion criteria. The physiotherapists performed the fieldwork, so they were responsible for assessing the different variables of the study. Both of the physiotherapists were trained in the protocol management for three hours. The training was aimed at performing an appropriate measurement of the different variables included in this study. This protocol was intended to minimize the potential for measurement bias.
Study population
The participants were recruited from flak barrack of Fuencarral "Capitán Guiloche" and they were military personnel belonging to ground force. The study population consisted of military personnel with chronic nonspecific neck pain and asymptomatic military personnel. The symptomatic military personnel included in the study were men and women with ages between 18 and 65 years with pain persisting for more than three months in the back of the neck (located between the occipital area and shoulders). Three months is considered a chronic pain according to some authors [30, 31] . In addition, the symptomatic military personnel had to experience chronic neck pain of unknown etiology -nonspecific chronic neck pain-with symptoms provoked by prolonged neck postures/movements, or palpation of the neck musculature. Moreover, we required that participants not present any kind of cognitive impairment and that they possess an adequate ability to read, understand and speak Spanish.
Military personnel with chronic nonspecific neck pain were excluded from the study if they satisfied any of the following criteria: the presence of systemic diseases such as rheumatoid arthritis or cancer; a diagnosis of fibromyalgia; a history of whiplash, cervical radiculopathy or myelopathy; a history of cervical spine surgery; or the presence of dizziness/vertigo. Personnel were also excluded if they had received pain treatment in the cervical region, either physical therapy or medical treatment, within the last three months.
The asymptomatic control group was composed of military personnel aged 18-65 years who did not have a history of pain in the orofacial, cervical and/or thoracic region, and/or pain in their upper extremities within the last 12 months.
Dependent variable
Kinesiophobia
Fear of movement or re-injury due to pain was measured using the validated Spanish version of the Tampa Scale of Kinesiophobia (TSK-11). This scale consisting of 11 items, and each item is associated with a 4-point Likert scale (1 = "strongly disagree", 4 = "strongly agree"). Higher scores correspond with a greater fear of pain, movement and injury. The Spanish version of the TSK-11 presents acceptable psychometric properties [32] .
In addition, we used kinesiophobia as a classification method to divide the symptomatic participants into two groups: (1) military personnel with CNSNP-K and (2) military personnel with CNSNP-NK. To carry out this division process, we used the cut-off scores based on the median scores obtained in the TSK-11 for all of the symptomatic military personnel. The individuals included in the CNSNP-K group exhibited a TSK-11 score at least equal to the median score, and the remaining individuals were placed into the CNSNP-NK group. This classification method has been used in previous studies [33] .
Primary outcomes
Endurance of cervical muscles
Deep neck flexor endurance test [34, 35] was used to assess the endurance of this musculature. The participants were placed in supine decubitus with their hips and knees flexed and the soles of their feet resting on a table and their hands on their abdomens. Then, the examiner conducted the next movement sequence in the following order: 1) cranio-cervical flexion; 2) raised the participant's head above 2.5 cm on above the table; 3) indicated to the participant that he/she should maintain this position for as long as possible; and 4) withdrew his/her hands contact, leaving the head sustained only by the participant's muscular activity. The test ended when the participant wavered or lost cranio-cervical flexion. Finally, the time that the participant was able to maintain the test position was recorded. Deep neck flexor endurance test presents excellent intra-examiner reliability [34] [35] [36] .
Strength of cervical muscles
The MVC force of the flexor and extensor muscles was examined using an analog dynamometer (Baseline ® Evaluation Instrument, Fabrication Enterprises Inc. NY, USA). Each participant first performed a warm-up protocol to prepare his/her neck and shoulder muscles [37] . The test was performed with the subject in a sitting position with his/her arms beside his/her body. The subject was supported against a backrest and fixed to the backrest using a strap placed at the xiphoid process [38] . In addition, the participant was placed in neutral craniocervical position when the contraction started. We attempted to standardize the measurement process and minimize any compensation with axial musculature outside the cervical region.
The MVC force measurement of the flexor muscles was performed first, followed by the MVC force of the extensor muscles. To measure the flexion movement, we placed the bending head dynamometer on the frontal bone of the participant; for the extension test, we placed the bending head dynamometer on the occipital bone. Next, the participant performed a maximum-intensity contraction for 5 seconds a total of three times separated by 60 seconds of rest [39, 40] . If the difference in force among the three trials was greater than 10%, we proceeded to take another measurement [39] . We used the highest value of MVC force in our analysis. The contraction was isometric since no shortening or elongation of the musculature was recorded. Dynamometry has been shown to be a reliable method for assessing the MVC force of the cervical muscles [41] [42] [43] .
Secondary outcomes 2.5.1. Cervical range of motion
We used a cervical range of motion (CROM) device (Performance Attainment Associates, Lindstrom, MN, USA) [44] to evaluate CROM. This device consists of three independent inclinometers, one for each plane of motion, fixed to a plastic frame resembling eyeglasses. Each participant sat in a chair with a backrest with their feet flat on the floor and their arms hanging alongside their body. We measured the following physiological movements: 1) flexion, 2) extension, 3) right lateral flexion, 4) left lateral flexion, 5) right rotation and 6) left rotation. Every physiological movement was repeated three times with 30 seconds of rest. The CROM is valid and reliable for measuring ROM in the cervical region [45] [46] [47] [48] .
Pain intensity
We used the Visual Analogue Scale (VAS) to measure pain intensity. This scale consists of a 10-cm horizontal line with pain descriptors marked "no pain" on the left side and "the worst pain imaginable" on the right side. The VAS has been shown to be a valid and reliable tool to measure pain intensity [49, 50] .
Neck disability
The perceived neck disability was evaluated using the validated Spanish version of the Neck Disability Index (NDI) [51] . This self-completed questionnaire consists of 10 items with six possible answers to each item. Scores range from 0 (no disability) to 5 (complete disability) points. The total score is calculated by adding up the responses for each item; the total maximum score is 50 points. The Spanish version of the NDI represents a valid, reliable and sensible tool to measure pain and disability of the neck [51] .
Pain catastrophizing
The degree of pain catastrophizing was assessed using the Spanish version of the Pain Catastrophizing Scale (PCS) [52] . This scale is composed of 13 items, which must be answered with a numerical value between 0 (not at all) and 4 (all the time). The maximum score of the PCS is 52 points, where higher scores correspond to more pain catastrophizing. The Spanish version of PCS has demonstrated acceptable psychometric properties [52] .
Anxiety and depression
We measured anxiety and depression levels using the validated Spanish version of the Hospital Anxiety and Depression Scale (HADS) [53] . The HADS consists of 14 items divided into two subscales for anxiety and depression. Both subscales include 7 items each, and the range of scores is 0-42. A higher score is correlated with higher anxiety/depression levels. The Spanish version of the HADS is a valid and reliable screening tool to assess the detection of anxiety disorders and depression [53] .
Statistical analysis
Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS 21, SPSS Inc., Chicago, IL, USA). We used the KolmogorovSmirnov test to analyze the normal distribution of the variables. The data for continuous variables are presented as means ± standard deviation (SD), median (1st and 3rd quartiles), 95% confidence intervals (CI), and categorical variables as absolute (number) and relative frequency [n (%)]. We used a chi-squared test to compare categorical variables. For the continuous parametric data, we used one-way ANOVA to analyze the group factor. To estimate the ANOVA effect size, we calculated the partial eta-squared (η 2 p ), and we classified the magnitude of the effect as small (0.01-0.059), medium (0.06-0.139), or large (>0.14) [54] . We performed post-hoc analysis with Bonferroni corrections in the case of significant ANOVA findings. We calculated effect sizes according to Cohen's method (Cohen's d) , in which the magnitude of the effect was classified as small (0.20-0.49), medium (0.50-0.79), or large (≥0.8) [55] .
For the continuous nonparametric data, we used the Kruskal-Wallis test to assess the group factor. In this case, we used the Mann-Whitney U test to evaluate differences between groups. We did not find any statistically significant differences in the side factor for the CROM. For this reason, we added together the scores obtained in the CROM for the right side and the left side. We accordingly created the following variables: (1) total rotation and (2) total lateral flexion. For all of the analyses, we adopted a significance level of 5% (p < 0.05) as corresponding to statistical significance.
Results
A total of 99 individuals were interested in participating in the study, and we excluded 16 of these individuals for not satisfying the inclusion criteria (5 cervical hernia diagnoses, 4 histories of whiplash, 2 cases of dizziness and 5 cases of cervical pain lasting for fewer than three months). The final sample consisted of 83 military personnel -military rank: private and corporal-with a mean age of 34.55 ± 7.89 years. The cohort was predominantly male (70 men and 13 women). The military personnel with chronic nonspecific neck pain presented exhibited a median (1st and 3rd quartile) score of 26 (IQR 20 to 28) on the TSK-11. All in all, the sample was distributed among 26 military personnel with CNSNP-K (21 men and 5 women), 20 military personnel with CNSNP-NK (15 men and 5 women), and 37 asymptomatic military personnel (34 men and 3 women). All of the variables were normally distributed except for MVC (flexion and extension). We did not find any statistically significant differences between the general characteristics of the three groups. In addition, the level of physical activity of each group was similar because all military personnel performed one hour of exercise per day. The descriptive characteristics of the participants in each group are listed in Table 1 .
Endurance and strength of cervical muscles
One-way ANOVA revealed statistically significant differences in deep neck flexor endurance (F = 6.188; p = 0.003; η 2 p = 0.134). We only found statistically significant differences between CNSNP-K and the asymptomatic group, where the effect size was d = -0.83. We did not detect any statistically significant differences between the symptomatic groups or between the CNSNP-NK and asymptomatic controls. The mean ± SD and the mean difference (95% CI) of the three groups are summarized in Table 2 .
With respect to the MVC, the Kruskal-Wallis test revealed statistically significant differences for the flexion and extension movements. We found statistically significant differences in both movements between the control group and the two symptomatic groups; however, we did not observe any differences between the two pain groups (p > 0.05). Table 3 presents the median and 1st and 3rd quartiles, as well as the means ± SD of each group.
Range of motion, disability, pain intensity and psychological factors
We found statistically significant differences in the group factor for all secondary outcomes . Post-hoc testing with Bonferroni corrections revealed statistically significant differences between military personnel with CNSNP-K and asymptomatic military personnel for the movements of flexion, lateral flexion and rotation. The effect sizes for these movements were medium, but the effect size for flexion was the largest (d = -0.76). In terms of the psychological variables (PCS and HADS), we recovered statistically significant differences between the CNSNP-K group and the CNSNP-NK group, as well as between CNSNP-K group and the asymptomatic group; we found the largest effect sizes in HADS (1.27 and 1.18, respectively). In addition, we found statistically significant differences in both chronic nonspecific neck pain groups compared with the asymptomatic group for the NDI variable with large effect sizes (d > 1.76). The mean ± SD and mean differences (95% CI) of the secondary outcomes of each group are listed in Table 2 .
Discussion
Studies evaluating neck pain and its possible consequences on motor function in military populations have focused almost exclusively on air force personnel [14] [15] [16] [17] [18] [19] [20] [21] [22] as opposed to other military personnel such as individuals serving in land-based armies. In addition, most of these studies have taken into account only differences between military personnel with pain and asymptomatic individuals (i.e., psychological aspects have not been considered). The psychological aspects are crucial due to the multifactorial nature of pain, especially chronic pain. To the best of our knowledge, this study is the first to evaluate differences between army soldiers with and without chronic nonspecific neck pain as a function of their level of kinesiophobia. Thus, we believe that this manuscript is of general scientific interest.
Endurance and strength of cervical muscles
Our findings reveal that the role of kinesiophobia is relevant in terms of endurance/fatigue but not for cervical musculature force. In fact, military personnel with CNSNP-K only exhibited less endurance than individuals without pain. This difference could be considered clinically relevant since it is associated with a large effect size (d = -0.83) [56, 57] . In contrast with previous investigations that demonstrated reduced endurance of cervical muscles in patients with reduced levels of pain [58] [59] [60] [61] , we found that military personnel with CNSNP-NK had the same endurance as individuals in the asymptomatic group. Our findings question a vision based exclusively on structural aspects [62, 63] , reinforcing the theory that maintaining a contraction over time is dependent on both physiological and psychological factors [64] [65] [66] . The presence of more kinesiophobia was not determinative of the strength of the cervical musculature. In fact, our results reveal that military personnel with chronic nonspecific neck pain have less strength in their neck muscles, which is consistent with numerous lines of evidence developed in the civilian population [67] [68] [69] [70] . Nevertheless, the literature about the military population is highly controversial [14, 18, 19, 21, 22] , and is in favor of the absence of differences in the strength of cervical muscles between military personnel with and without pain [18, 19, 22] . The lack of agreement between these studies and our findings may be explained because none of the studies took into account psychological factors such as kinesiophobia. In addition, these studies were conducted on air force military personnel, and the physical demands of these individuals may have differed from those of land-based forces [71] .
Therefore, based on our results, kinesiophobia affects endurance but not the strength of the neck muscles. This finding may be explained by the fact that fear of movement does not have a large influence on MVC since it is a momentarily isometric contraction. Some researchers have confirmed this lack of an association between kinesiophobia and muscle strength in patients with back pain [25, 72, 73] . However, the MVC values that we obtained were the smallest in the CNSNP-K group, although the differences were not statistically significant. On the other hand, holding a position to assess the resistance of the neck muscles could be altered for the following reasons: 1) fear to injury of the patient, and 2) lower activity in their daily lives and therefore a less-optimum physical condition. Despite our assumptions, current scientific evidence has not found an association between kinesiophobia and the level of physical activity in patients with chronic nonspecific neck pain [74, 75] . A recent research by Demirbüken et al. found that this association was presented in women with non-specific chronic neck pain but not in men [75] . It would be interesting for future studies carried out in military population to analyze the influence of gender on physical and psychological variables.
Range of motion, disability, pain intensity and psychological factors
This research has revealed that kinesiophobia also affects ROM because military personnel with CNSNP-K had a reduced ROM score compared to asymptomatic individuals. There is a vast body of literature demonstrating a reduced ROM in patients with pain [67, 76] , so it is surprising that we did not note any differences between the CNSNP-NK group and the control group. It is noteworthy that, logically, military personnel with pain ought to exhibit more disability than asymptomatic individuals, but the disability was slight [77] . This value is smaller than the one reported in other neck pain studies in civilian populations. The known link between disability and functional limitation [59, 76, 78] , may explain the absence of differences. However, we found a reduced ROM in the CNSNP-K group despite these individuals having a mild disability. This finding may stem from military personnel with the highest level of kinesiophobia not reaching their full ROM in light of fear of injury (rather than a purely physical reason). In addition, the kinesiophobia could have a greater influence over the restriction of ROM in other types of neck pain such as the related to whiplash, since other investigations have shown that fear of movement has a significant impact in patients who have suffered a whiplash [79, 80] .
Finally, military personnel with CNSNP-K exhibited stronger psychological effects compared than asymptomatic controls and individuals with CNSNP-NK. In light of the demonstrated relationship between kinesiophobia and pain catastrophizing, anxiety and depression, this outcome was predictable [32, [81] [82] [83] .
Clinical implications
The effectiveness of the neck muscle training programs to relieve neck pain in the military population has been demonstrated [18, 84] . Nevertheless, the optimal way to perform such physical conditioning is not fully known, and researchers have argued that training focused on endurance or strength may have more benefits within a military population. The findings of this study allow us to hypothesize that military personnel with the highest level of kinesiophobia may possibly obtain more benefits from endurance training; this question can be answered quickly using the TSK-11. Moreover, a training protocol with a cognitive-behavioral approach (e.g., the inclusion of coping strategies) may produce more benefits among military personnel with CNSNP-K in order to reduce their kinesiophobia. In fact, a recent study has shown that a physical training program combined with a cognitive-behavioral treatment can reduce work-related fear-avoidance beliefs in patients with musculoskeletal pain including neck pain [85] . Future studies that include therapeutic education based on a cognitive-behavioral approach with a cervical muscle training program are necessary.
Limitations
The primary limitation was the cross-sectional design of this research, which prevents us from clearly establishing the cause of the results. Another limitation was that cervical muscular endurance was not assessed using a more sophisticated method (e.g., surface electromyography). Even so, the reliability of the electromyography in the cervical region is controversial because of the large number of existing muscles [86] . Furthermore, we opted to use the deep neck flexors endurance test since it was an easier method to apply in clinical practice. In addition, this study was conducted without a sample size calculation because the initial objective was to evaluate the largest possible proportion of military personnel from the Acuartelamiento de Artillería de Fuencarral "Capitán Guiloche"; however, this situation may be considered to be a limitation. Finally, due to the size of the sample and the small number of women participating in the study, it was not possible to perform a statistical analysis taking into account the gender factor. Additional studies taking into account the limitations found in this investigation are necessary.
Conclusions
The results of this study demonstrate that military personnel with CNSNP-K have functional limitations and associated psychosocial factors compared with asymptomatic military personnel. Nonetheless, military personnel with CNSNP-NK only demonstrated a strength reduction in cervical muscles compared with individuals without pain. There were only differences between the two groups with pain in terms of psychological variables. Additional studies are necessary to confirm these results. entity with a direct financial interest in the subject matter or materials discussed in the article.
